For understanding an anomalous nuclear effect experimentally observed for the beryllium-9 nucleus at the Thomas Jefferson National Accelerator Facility (JLab), clustering aspects are studied in structure functions of deep inelastic lepton-nucleus scattering by using momentum distributions calculated in antisymmetrized (or fermionic) molecular dynamics (AMD) and also in a simple shell model for comparison. According to the AMD, the 9 Be nucleus consists of two α-like clusters with a surrounding neutron. The clustering produces high-momentum components in nuclear wave functions, which affects nuclear modifications of the structure functions. We investigated whether clustering features could appear in the structure function F2 of 9 Be along with studies for other light nuclei. We found that nuclear modifications of F2 are similar in both AMD and shell models within our simple convolution description although there are slight differences in 9 Be. It indicates that the anomalous 9 Be result should be explained by a different mechanism from the nuclear binding and Fermi motion. If nuclear-modification slopes d(F A 2 /F D 2 )/dx are shown by the maximum local densities, the 9 Be anomaly can be explained by the AMD picture, namely by the clustering structure, whereas it certainly cannot be described in the simple shell model. This fact suggests that the large nuclear modification in 9 Be should be explained by large densities in the clusters. For example, internal nucleon structure could be modified in the high-density clusters. The clustering aspect of nuclear structure functions is an unexplored topic which is interesting for future investigations.
I. INTRODUCTION
Nuclear modifications of structure functions F 2 were found by the European Muon Collaboration (EMC) [1] , so that the phenomena is often called the EMC effect. Such modifications are now measured from relatively small x (∼ 10 −3 ) to large x (x ∼ 0.8), where x is the Bjorken scaling variable. By using the data on nuclear structure functions, optimum parton distribution functions (PDFs) are proposed for nuclei [2, 3] . Physics mechanisms are different depending on the x region for producing the nuclear modifications. At small x, suppression of F 2 occurs and it is known as nuclear shadowing. It is due to multiple scattering of apair coming from the virtual photon. At medium and large x, modifications are understood by conventional models mainly with nuclear binding and Fermi motion of nucleons. However, it may not be possible to explain full experimental modifications by such mechanisms, which indicates that internal structure of the nucleon could be also modified in a nuclear medium. For explanations of these physics mechanisms, the reader may look at Ref. [4] .
In future, much details of the nuclear modifications will be investigated in lepton-nucleus deep inelastic scattering and hadron-hadron reactions. For example, a nuclear modification difference between up and down valence quark distributions (u v and d v ) will be investigated by measuring cross sections of semi-inclusive π ± productions [5] . It could lead to a possible solution of the longstanding NuTeV weak-mixing angle (sin θ W ) anomaly [6] from a viewpoint of the nuclear modification difference between u v and d v [7] . In addition, nuclear shell structure of the EMC effect, so called "local EMC effect" [8] , will be investigated by measuring semi-inclusive reactions [9] . There is also an issue of the nuclear-modification difference between the structure functions of charged-lepton and neutrino reactions [10, 11] . It needs to be solved for a precise determination of nucleonic and nuclear PDFs. Such nuclear effects will be investigated by neutrino reactions of the MINERνA project [12] . There will be also measurements at hadron facilities at RHIC (Relativistic Heavy Ion Collider), Fermilab (E906 experiment) [13] , LHC (Large Hadron Collider), and possibly at J-PARC (Japan Proton Accelerator Research Complex) [14] .
Measurements on the EMC effect at the Thomas Jefferson National Accelerator Facility (JLab) obtained an anomalous result for the beryllium-9 nucleus in comparison with measurements for other light nuclei [15] . It is anomalous in the sense that the magnitude of the nuclearmodification slope | d(F ( 4 He nucleus) particles with surrounding neutron clouds according to the studies of antisymmetrized molecular dynamics (AMD). This fact indicates that there exist higher-density regions than the ones expected from the average density by the shell model or the one estimated by the experimental charge radius. The high-density regions could contribute to larger nuclear modifications of the structure function F 2 . It could be a reason for the anomalous modification for 9 Be. Such a cluster structure could produce high-momentum components in the momentum distribution of the nucleon, which is eventually reflected in modifications of quark momentum distributions, namely the structure functions of nuclei.
These considerations motivated us to investigate cluster aspects in the structure functions F A 2 for light nuclei, especially 9 Be. At this stage, there is no theoretical work on the nuclear-clustering aspect in high-energy nuclear processes, for example, in structure functions, although there are some studies on multi-quark clusters such as a six-quark state in 1980's. Our current studies are totally different from these works on multi-quark effects. In this article, we investigate possible nuclear clustering effects on the structure functions F A 2 within a convolution model for describing F A 2 by using the AMD and shell-model wave functions.
In. Sec. II, our theoretical formalism is provided for describing nuclear structure functions F A 2 . First, the convolution model is introduced. Then, the AMD description and a simple shell model are explained for calculating nuclear wave functions. In Sec. III, calculated nuclear densities are shown for 4 He and 9 Be in order to illustrate the clustering structure in the 9 Be nucleus. Then, momentum distributions are shown for these nuclei. The ratios F A 2 /F D 2 are calculated in both AMD and shell models, and they are compared with experimental data. Finally, the nuclear modification slopes d(F 
II. FORMALISM
We explain a basic formalism for calculating the nuclear structure functions F A 2 in the convolution approach together with antisymmetrized molecular dynamics and a simple shell model for calculating nuclear wave functions. These models are somewhat obvious within each community in structure-function and nuclear-cluster physicists. However, the following introductory explanations are intended that different communities could understand with each other.
A. Nuclear structure functions in convolution approach
The cross section of deep inelastic charged-leptonnucleon (or nucleus) scattering is expressed by a lepton tensor L µν multiplied by a hadron tensor W µν : dσ ∼ L µν W µν [4, [18] [19] [20] . The hadron tensor is defined by
where q is the virtual photon four-momentum, p is the momentum of the nucleon (or nucleus), and J µ is the hadronic electromagnetic current. The hadron tensor W µν is expressed by the imaginary part of the forward virtual Compton amplitude T µν as W µν = Im(T µν )/(2π) by the optical theorem. The convolution model has been discussed in various articles within binding models for calculating nuclear structure functions, so that the detailed formalism should be found, for example, in Refs. [4, 19] . It indicates that a nuclear structure function is given by an integral of the nucleonic one convoluted with a momentum distribution of a nucleon in a nucleus as illustrated in Fig. 1 . It is written in the hadron-tensor form as
where p N and p A are momenta for the nucleon and nucleus, respectively, and S(p N ) is the spectral function which is the energy-momentum distribution of nucleons in the nucleus. The structure functions are generally expressed in terms of two variables Q 2 and x defined by
where M N is the nucleon mass, ν is the energy transfer ν = q 0 in the rest frame of a target nucleus, and q 2 is given by q 2 = (q 0 ) 2 − q 2 . In the convolution picture of Eq. (2), the process is described by two steps as illustrated in Fig. 1 . First, a nucleon is distributed in a nucleus according to the spectral function S(p N ) with the nucleon momentum p N , and then a quark is distributed with the momentum fraction x in the nucleon. The overall quark momentum distribution is given by the convolution integral of these two distributions.
FIG. 1:
Convolution approach for nuclear structure functions. The γ * , q, N , and A indicate the virtual γ, quark, nucleon, and nucleus, respectively. A quark momentum distribution is described by the integral of a corresponding quark distribution convoluted with a nucleon momentum distribution. 
where F A 2 and F N 2 are structure functions for the nucleus and nucleon, and y is the momentum fraction
where
. It should be noted that the upper bound of the variables x and y is A for nuclei. The function f (y) indicates a light-cone momentum distribution for the nucleon, and it is given by
where n i is the number of the nucleon in the quantum state i, and the summation is taken over the occupied states. Here, the spectral function is given by
where M A−i is the mass of residual one-hole state, and φ i ( p N ) is the wave function of the nucleon. Here, p 2 N /Q 2 -type higher-twist effects [21] are not included in the convolution equation. The function f (y) is normalized so as to satisfy the baryon-number conservation A 0 dyf (y) = 1 by taking dp 4 N yS(p N ) = 1 [23, 24] . The wave functions of the nucleon are calculated nonrelativistically, and then they are used for the relativistic description in obtaining light-cone distributions by Eq. (8) . It could lead to an issue of normalizing the nonrelativistic wave function because there is no solid relativistic framework to use the non-relativistic functions. Here, the wave functions are normalized to satisfy the condition dyf (y) = 1, where there is an extra factor
As noticed in the third article of Ref. [25] , this factor does not appear if a mass factor (M N /p 0 N ) is included in the convolution formalism. However, such an overall normalization difference does not affect our results in Sec. III.
The separation energy ε i is defined by
It is the energy required to remove a nucleon from the state i. In our actual calculation, we average over all the nucleons for estimating the average separation energy (ε i →< ε >). If a non-relativistic approximation is applied for the expression
N and < ε > are related by considering the δ function for the energy conservation as
where M A−i is replaced by M A−1 (the ground-state mass of the A−1 nucleus). It should be noted that the residual nucleus A− i could be in an excited state and that manybody breakup processes could be also possible in the final state. Therefore, the separation energy is, in general, not a simple difference between the two nuclear binding energies in the initial and final states, since the final nucleus would not be in the ground state. It means that theoretical separation energies depend how they are estimated. For example, they vary depending whether models include short-range correlations [24, 26] and many-body breakup processes [27] . In our work, experimental separation energies are taken from (e, e ′ p) and (p, 2p) experiments.
Equation (6) indicates that the nuclear structure function F A 2 is split into two parts: the light-cone momentum distribution of the nucleon and the nucleonic structure function F N 2 . If there is no nuclear medium effect on the nucleonic structure function F
2 ), nuclear modifications should come solely from the nucleonic distribution part, which contains the information on nuclear binding and Fermi motion of nucleons. These effects are reflected in the light-cone momentum distribution of Eq. (8), namely in the momentum distribution of the nucleon and the energy-conserving δ function. For calculating the distribution f (y), we need a realistic model for the wave function φ( p N ). In our work, we calculate it in two theoretical models: an antisymmetrized molecular dynamics and a simple shell model. They are introduced in Secs. II B and II C.
B. Antisymmetrized molecular dynamics
This work is intended to investigate a possible clustering effect on the structure functions of deep inelastic scattering (DIS). There is a theoretical method, antisymmetrized molecular dynamics (AMD) [28] or fermionic molecular dynamics (FMD) [29] , which is developed for describing clustering aspects of nuclei as well as shelllike structure on an equal footing. Hereafter, we use the nomenclature AMD for this theoretical method.
There are nuclei which exhibit density distributions of separate clusters. For example, the 8 Be nucleus has two separate peaks, which correspond to two α nuclei, in its density distribution according to a Monte Carlo calculation for the eight-body system by using realistic N N (N : nucleon) potentials [30] . It suggests that some nuclei tend to form α-like clusters within their structure since the α is a tightly bound nucleus.
A simple and yet very useful and consistent theoretical method is provided by the AMD method. The AMD has a number of advantages, for example, that there is no assumption on nuclear structure, namely shell or cluster like configuration, and that simple and systematic studies are possible from light to medium-size nuclei. A nuclear wave function is given by the Slater determinant of singleparticle wave packets:
. (12) Here, a nucleon is described by the single-particle wave function
where χ i and τ i indicate spin and isospin states, respectively. The function φ i ( r j ) is the space part of the wave function, and it is assumed to be given by the Gaussian functional form:
where ν is a parameter to express the extent of the wave packet. The center of the wave packet is given by Z i / √ ν. We should note that Z i is a complex variational parameter. Its real and imaginary parts indicate nucleon position and momentum, respectively [28] :
A nuclear state is an eigenstate of the parity, so that the following parity-projected wave function is used:
As for the N N interactions, we use the following potentials: 2-body:
where m, v 21 , v 22 , r 21 , r 22 , v 3 , v LS , r LS1 , and r LS2 are constants. The two-body interaction part mP σ P τ indicates the Majorana term with spin and isospin exchange operators (P σ , P τ ). The three-body part is a contact interaction form, and P ( 3 O) is the projection operator of the triplet-odd ( 3 O) state (spin S=1, angular momentum L=odd) in the two-nucleon system [31] . The Coulomb interaction is also considered in our analysis. The constants m, v 21 , · · · are taken from Ref. [16] except for v 3 and V LS , which are fixed so as to reproduce binding energies of considered nuclei under the radius constraint: v LS = 2000 MeV, v 3 = 4000, 3300, 2000 MeV for 4 He, 9 Be, 12 C, respectively. Here, we should be careful to take into account the effect of center-of-mass motion [32] .
The AMD wave functions contain the parameters Z i and ν, which are determined by minimizing the system energy with a frictional-cooling method. Time development of Z i is described by the time-dependent variational principle:
It leads to the equation of motion. Introducing two arbitrary parameters λ and µ for practically solving the equation of motion, we obtain
Here, µ is a friction parameter which should be a negative number. By solving this equation, the parameters Z i are obtained. From the obtained parameters, the densities in coordinate and momentum spaces are calculated by
ρ( p) = 1 2πν
. This momentum distribution is used for calculating the light-cone momentum distribution in Eq. (8) . Then, using the convolution equation of (6), we obtain the nuclear structure functions, which include clustering effects described by the AMD.
C. Simple shell model
In order to compare with the AMD results at this stage, we also calculate the nuclear spectral function by using a simple shell model, because the current wave functions and N N interactions in AMD are simple Gaussian forms. If much detailed studies become necessary in future, we may consider to use more sophisticated models, for example, a density-dependent Hartree-Fock [33] or a detailed shell model such as NuShell (OXBASH) [34] .
As a shell model, we take a simple harmonic oscillator model. Nucleons are assumed to move in an average central potential created by interactions of all the nucleons in a nucleus. Then, the nucleons are treated independently with each other. A simple and yet realistic choice of the potential is the harmonic-oscillator type (M N ω 2 r 2 /2). Its wave function is separated into radialand angular-dependent parts:
where r, θ, and φ are spherical coordinates, and n, ℓ, and m are radial, azimuthal, and magnetic quantum numbers, respectively. The function Y ℓm (θ, φ) is the spherical harmonics, and the radial wave function is given by [35] R nℓ (r) = 2κ
where L ℓ+1/2 n−1 (x) is the Laguerre polynomial, and κ is defined by κ ≡ √ M N ω. In the following analysis, the light nuclei, 3 He, 4 He, 9 Be, and 12 C are considered, so that the low-energy levels, 1s 1/2 and 1p 3/2 , are taken into account as shown in Fig. 2 . The only parameter in the model is ω, which is fixed by a nuclear radius. The constants of the AMD model are determined so as to explain experimental nuclear charge radii. Then, nuclear matter radii are calculated by using obtained AMD densities. Since it is the purpose of this work to investigate a difference between the structure functions of the AMD and shell models, we take the constant ω for each nucleus so as to obtain the same matter radius calculated by the AMD.
D. Deuteron wave function
Experimental data are listed by ratios F 2 ) of Eq. (6) in both AMDand shell-model analyses. Here, we take the deuteron wave function given by the Bonn group in Ref. [36] .
E. Experimental information on separation energies, binding energies, and charge radii
In calculating the structure functions, experimental information is needed for separation energies, binding energies, and charge radii. The binding energies are taken from Ref. [37] and they are listed in Table I . They are used for calculating nuclear mass: Table I . Using these charge radii and binding energies, the constants in the AMD model are determined. The matter r.m.s. radii are then calculated in the AMD by using Eq. (20) . There are slight differences between √ < r 2 > c and √ < r 2 > m in the AMD for 9 Be and 12 C. This is due to the effect of Coulomb force.
The separation energies are taken from experimental measurements for 4 He [43] , 9 Be and 12 C [44] , and they are listed in Table I . A theoretical estimate 11.4 MeV is listed just for information because there is no available data for 3 He. It was obtained by using a spectral function calculated by the Faddeev method with the Reid soft-core potential [45] . It should be also noted [46] that the separation energy 20.4 MeV of 4 He [43] was obtained by using the data only in the peak region of the energy spectrum of 4 He(p,2p) 3 H and a continuum region is not included. The separation energy should be calculated by the average energy weighted by the spectral function:
We notice that theoretical estimates are usually larger than this value (20.4 MeV) for 4 He [26, 27] . For example, 28.2 MeV is obtained in Ref. [26] , where the average kinetic energy estimated by the ATMS (Amalgamation of Two-body correlation functions into Multiple Scattering process) method is employed, and then the Koltun sum rule is used for estimating the separation energy < ε >:
, where B/A is the binding energy per nucleon and < T > is the average kinetic energy. However, it is very difficult to calculate a reliable value of the separation energy. The experimental separation energies < ε > were obtained in nucleon-knockout reactions by observing peaks of singleparticle excitations and they do not include the contribution from continuum states of the residual nucleus. Therefore, the mean separation energies would be underestimated. In this work, we estimated the clustering effect without the continuum, which needs to be considered in future for detailed comparison with data.
III. RESULTS
First, nuclear densities are shown in the AMD model. The focused nucleus is 9 Be for investigating the anomalous EMC effect in the structure function F 2 , so that coordinate-space densities are shown in Fig. 3 for this 9 Be nucleus as well as 4 He, as an example, for comparison. It is interesting to find two density peaks within the 9 Be nucleus, whereas the 4 He density is a monotonic distribution. As mentioned in Sec. II, it is the advantage of the AMD method that it does not assume any specific structure, cluster-or shell-like configuration, on nuclei. The 4 He is a tightly bound nucleus and it is well described by the usual shell-like structure, which is judged by the monotonic density distribution in Fig. 3 . However, the situation is apparently different in 9 Be. The figure suggests that two dense regions exist in 9 Be although such a phenomenon does not exist in the shell model. It indicates that the 9 Be nucleus consists of two α-like clusters with surrounding neutron clouds. This clustering could produce different nuclear medium effects from the ones expected by the shell model. In particular, it could influence the nucleon momentum distribution, eventually quark momentum distributions, within the 9 Be nucleus. Furthermore, dense regions could alter the internal structure of the nucleon.
Next, coordinate-space densities are compared in both AMD and shell models in Fig. 4 by taking averages over the polar and azimuthal angles θ and φ. Although the 4 He densities are same in both models, they are different in 9 Be. Since the angular integrals have been done, the cluster structure is no longer apparent in the AMD density of 9 Be in Fig. 4 . However, the cluster effects are reflected in the slightly larger densities at r ∼2 fm and the depletion at r = 0, due to the existence of two separate clusters.
Instead of the coordinate-space density, the momentum-space density |φ( p N )| 2 is used for calculating the light-cone momentum distribution by Eq. (8) . Calculated momentum-space densities are shown in Fig. 5 for the nuclei 4 He and 9 Be. We explained in Sec. II E that the same radii are taken in both AMD and shell models. As a result, both momentum distributions of 4 He are almost the same. However, the distributions are much different in 9 Be. It is important to find that the momentum distribution of the AMD is shifted toward the high-momentum region in 9 Be because of the clustering structure. This is caused by the fact that the dense regions, namely the two clusters, are formed within the 9 Be nucleus. If nucleons are confined in the small space regions of the clusters, it leads to an increase of high momentum components, which is clearly shown in Fig.  5 . Now, using the obtained momentum distributions together with Eqs. (6), (8) , and (9), we calculate the nuclear structure functions. The structure function of 9 Be is Be ( 4 He) in the AMD and shell models by the wide-solid (narrow-solid) and dashed (dotted) curves, respectively. The densities are integrated over the angles θ and φ for showing the curves in this figure. The clustering structure in the AMD gives rise to a modification of the density distribution in 9 Be, whereas both densities are the same in 4 He. Be in the AMD and shell models. The clustering structure in 9 Be gives rise to an excess of high-momentum components in the AMD.
shown together with the one of 4 He as an example of noncluster-like nuclei in order to illustrate clustering effects on the structure function of 9 Be. In Figs. 6 and 7, our theoretical ratios F [48] , and JLab [15] . The AMD and shell-model ratios are shown by the solid and dashed curves, respectively, and they are calculated at a fixed Q 2 point (Q 2 = 5 GeV 2 ). Experimental data are taken at various Q 2 points, and only the data with Q 2 ≥ 1 GeV 2 are shown in Figs. 6 and 7. The JLab measurements include the data with small invariant mass W , where the process is not considered to be deep inelastic. Therefore, the data with W 2 < 3 GeV 2 are shown by the open circles. In showing the ratios of non-isoscalar (Z = N ) nuclei, isoscalar corrections are applied in Ref. [15] by including smearing corrections. Since we cannot access to the specific smearing corrections in the are compared with experimental data of SLAC-E139 [47] , NMC [48] , and JLab [15] . The solid and dashed curves indicate AMD and shell model results, respectively, calculated at Q 2 =5 GeV 2 ; however, both curves overlap each other. The experimental data are taken at various Q 2 points. JLab analysis, we simply used the isoscalar corrections
, where F p 2 and F n 2 are the structure functions of the proton and neutron, respectively, by using the PDFs of the MSTW08 [11] in the leading-order (LO) of α s . We have checked that our corrections are almost the same as the corrections in the JLab analysis in 9 Be [15] . From Figs. 6 and 7, we find that our theoretical ratios have a tendency consistent with the data in the sense that the ratio decreases at medium x and it increases at large x. These decrease and increase are caused by the nuclear binding and the nucleon's Fermi motion, respectively, in our convolution picture. However, it is also clear that the simple convolution description is not sufficient to explain the whole experimental nuclear modifications because there are differences between the theoretical curves and the data.
There are two major reasons for the differences. First, short-range nucleon-nucleon correlations have not been included in calculating the spectral function [24, 26] . They change the theoretical ratios toward the experimental data at x = 0.6 − 0.8. The purpose of our studies is to investigate whether or not a possible clustering signature appears in deep inelastic lepton-nucleus scattering. Since this is the first attempt to investigate the cluster effects, we did not include such an effect. In future, we may consider to study more details. Second, there could be a modification of nucleon itself inside a nuclear medium. As explained in Refs. [4, 19] , such a nucleon modification was originally proposed as a Q 2 rescaling model. Nucleons could overlap in a nucleus since the average nucleon separation and nucleon diameter are almost the same. The overlap then gives rise to a confinement radius change for quarks, which appears as a modification of quark momentum distribution, namely a modification of the structure function F 2 . A possible internal nucleon modification was investigated in Refs. [49, 50] in comparison with the data. Since it is not the purpose of this work to step into such details, especially in comparison with the data, we leave it for our possible future studies.
The anomalous data was reported for 9 Be by the JLab experiment [15] by taking a slope of the ratio F with respect to the Bjorken variable x in the region 0.35 < x < 0.7. As shown in Fig. 4 of Ref. [15] , the magnitude of the 9 Be slope is too large to be expected from its average nuclear density in comparison with the ones of other light nuclei. We calculate corresponding theoretical slopes by taking the derivatives d(F Monte Carlo method [51] with the multiplication factor (A − 1)/A for removing the struck nucleon. Although this theoretical density estimate would be reliable, we first show the slope by a purely experimental quantity by defining an average density as A/[4π r 2 3/2 c /3], where √ < r 2 > c is the experimental charge r.m.s. radius, in Fig. 8 instead of the specific theoretical density. The experimental charge radii are taken from Table I . The theoretical slopes in the AMD and shell models are shown by the open circles ( ) and crosses (×), respectively, for 4 He, 9 Be, and 12 C. Since the experimental separation energy is not available for 3 He, the theoretical slopes are not calculated for 3 He. The JLab data are shown by the filled circles with errors. In order to illustrate how the 9 Be slope deviates from the other nuclear ones, a curve is given in Fig.  8 by fitting the data without the 9 Be data in a simple functional form, | dR EMC /dx | = a(ρ − ρ D ) b where
/3] and ρ D is the density of the deuteron. The parameters a and b are determined and we obtain | dR EMC /dx | = 1.35(ρ − ρ D ) 0.906 , which is the curve in Fig. 8 . It is obvious that the 9 Be slope is anomalous in the sense that the data significantly deviates from the curve.
The magnitudes of the theoretical slopes are rather small in comparison with the data, and they are about half or less of the experimental ones in Fig. 8 . This was already obvious from Figs. 6 and 7 that the magnitudes of the theoretical slopes are smaller than the experimental ones. As explained, the differences could be caused by the short-range correlations and internal nucleon modifications. An interesting result is that the clustering effects are not apparent in the slope by looking at both AMD and shell-model results for 9 Be although there are some differences in the momentum distributions of Fig. 5 and in the structure functions of Fig. 7 . In other nuclei, both theoretical slopes are almost identical. This is understood in the following way. In the medium-x region, the nuclear modifications can be described mainly by the first two moments of the nucleon momentum distribution f (y). These moments are expressed by the average separation and kinetic energies, < ε > and < T > [25] , which are similar in both models. It leads to the small differences between the AMD and shell models in the slope dR EMC /dx.
The small difference between the AMD and shell-model slopes in 9 Be suggests us to look for another reason to explain the anomalous JLab data. As we noticed in Fig.  3 , the high density regions are created locally in 9 Be according to the AMD model. The higher densities could contribute to extra nuclear modifications in the structure function F A 2 by an additional mechanism which is not considered in our simple convolution picture. In order to find such a possibility, we plot the same slope by taking the maximum local density as the abscissa. The maximum density ρ max , of course, depends on theoretical models to describe the nuclei. The maximum positions are located at r = 0 for 4 He in both AMD and shell mod-els and also for
The following points are the major results in this work:
(1) For the first time, the nuclear structure functions F
